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[Mpennaraercst BBecTH B KOHCTpyKMio FFS-aBTOMaToB npuBoa cMelIeHUs COTeN 103aTo-
pa co CKOPOCThIO, paBHOI CKOPOCTH TIepeMEIeHUS JIEHTHI C OT(OPMOBAHHBIMU €MKOCTSI-
mu. [lokazaHo, 4yTO Takoil MPUBOM 3a CYET COBMEILEHUSI TO3UPYIOLIE U TPAHCIIOPTHOI
oriepaluii Ipu OOJIBIINX 103aX BBIBEAET JO3UPOBAHKE U3 COCTaBa JIMMUTUPYIOLLIMX Olepa-
111, a HA TOPIIMOHHBIX ABTOMAaTUYECKUX JIMHUSX, TAE H03bl MaJyible, TIO3BOJIUT B Ba pa3a
YMEHBLIUTb KOJIMYECTBO HEOOXOAUMBIX KAHAJIOB 103aTOPa, OAHOBPEMEHHO YBEJIMUYUB UH-
TEHCUBHOCTb MX MCMOJb30BaHUsl. [IpuBoauTCsS MeToauka BbIOOpa CXeMbl 103UPOBaHUs,
MOCTPOEHHOI Ha 3yieMeHTax cucteMnbl “Direct filling”, u onpeneneHUss ONTUMAIBHOMN psSII-
HOCTH, KOTOpasi MpU COXPAaHEHUM MUHUMAJIbHOTO MAIlIMHHOTIO LIMKJIA JIMHUU Oo0ecrnevyu-
BaeT MaKCUMAaJIbHYIO 3arpy3Ky JO3UPYIOLLIEi CUCTEMBI.

Kntouesoie croea: aBTomaTndecKasi JMHMS, TEXHOJOTUYECKUE U TPAHCTIOPTHBIE Olepaliuu,
MPUBOIL JICHTHI, TIPUBOJ COTEN, COBMEILIEHUE OIepaluii, YUCIIO PSIOB, YUCIO PyYbeB, 10-
3UpOBaHNE, TAKTHI JO3UPOBAHUSI, KaHAJIbI JO3MPOBAHMS, MAIITMHHBIN IIUKJI, OMHO- U IBYX-
TaKTHbBIM MOMYJIb, OMMHAPHOE COILIO, COTUIO TBOMHOIO UCTEUCHUS
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OnHa M3 OCHOBHBIX TMPOOJIEM, BO3ZHUKAIOIIMX TIPU MPOEKTUPOBAHUM aBTOMATHUYECKUX
JIMHUM, 3aKJII04aeTcsl B BbIPABHUBAHUU U MUHUMM3ALMU BPEMEHU BBITIOJHEHUS TMapa-
JIEIbHBIX (BBIMOJIHSIEMbBIX OMHOBPEMEHHO) TEXHOJOTMYECKUX onepaliii. UMeHHO B ciiyyae
YIa4HOTO pEIIEHUs 3TOI MPOoOJIeMbl MPOEKTUpyeMasi TMHUSL OylIeT UMETb MaKCUMAaJIbHYIO
MPOU3BOIUTENBLHOCTh. HO Bcerma kakasi-To M3 TEXHOJIOTMYECKUX OIlepalluii CTaHOBUTCS
“IMMUTHUPYIONIE” 1 B KOHEYHOM UTOTE ONpeaesieT MUK paboTel TUHUU. [1pu cymiecTBeH-
HOM TIPEBBILLIEHUM BPEMEHU JUMUTUPYIOIIEN Orepaluy UK padoThl TUHUU TIPUXOIUTCS
YBEJIMYMBATh, UTO IPUBOJUT K POCTY BPEMEHU MPOCTOS OCTATIbHBIX TEXHOJIOTUYECKUX CTaH-
Ui TMHUU, U ee 2PHEeKTUBHOCTD ITaIaeT.

CyliecTByeT ABa crocoba YMEHBIIECHUST BIUSIHUSI JUMUTUPYIOIIEH ornepanyuu Ha LUK
paboThl TUHUU. DTO: yMEHBIIIEHWE BPEMEHU BBITIOJTHEHUS OTiepalliy MyTeM COBEPILIEHCTBO-
BaHUS TEXHOJIOTUM (HATpUMep, pacrapasjeMBaHue) U U3MEHEHUE CTPYKTYPbI IBUKEHUH
9JIEMEHTOB JIMHUM, TO3BOJISIIONIEE COBMECTUTh JTUMUTHUPYIOILIYIO OTEpalrio ¢ OYepeqHOoi
rocJieioBaTebHON (Kak MpaBUJio, TPAaHCHOPTHOM) onepaiueii. B Hacrosiueit cratbe 06a
3TUX COCO0a AEMOHCTPUPYIOTCSI HA IPUMEpPE BBICOKOTIPOU3BOAUTEIbHONM aBTOMAaTUUYECKOM
JIMHUM 151 (haCOBKM M YITAKOBKU XXUIKUX U MOJYKUIKUX TTPOIYKTOB.

CxemMa JJMHMHM TIpeJCTaBIeHa Ha puc. 1. 3a OaMH UMKII Ha IMHUM OJHOBPEMEHHO “06paba-
TBIBaeTCS” MaTpulia U3 m X n eMKocTeit (puc. 16), rae » — 4Y1clIo pyYybeB JUHUM; M — YUCIIO
psinoB. [1pu 3TOM Ham 3TOM MaTpulieit MapaieJIbHO BBITIOJHSAETCS MSATh TEXHOJOTUYECKUX
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Puc. 1. dyukunonHanbHas cxeMa FFS-nuauu st GacoBKM M YITAKOBKY XUIKUX TIPOAYKTOB — (a); MATPHIIA EMKO-

cTeil Ha JIeHTe, 00pabaThIBa€MbIX 32 OJMH MAIIIMHHBIN IMKJI HAa n-PYYbsX, m-psTHON JUHUU — (0).

orepaluii: HarpeB KOPITyCHOI TUIeHKU [ B HarpeBatelie 2, TepMOOpPMOBKa €MKOCTe Ha
CWJIOBOM CTaHLIMU 3, 3alOJTHEHUE UX MPOIYKTOM 103aTOPOM 4, cBapKa KOpMHycHOro / v no-
KPOBHOTO 5 MaTepuayioB (repMeTr3alusl eMKOCTEi) Ha CUJIOBOI CTaHLIMU 6 U BbIpyOKa ro-
TOBBIX U3AENUil B mTamIie 7. Harpes MjieHKU M BCe CUJIOBBIE TEXHOJIOTMYECKUE Omepaluu
(dbopmoBKka, cBapKa, BEIpyOKa) He 3aBUCSIT OT CBOMCTB TO3UPYEMOTO ITPOIAYKTa, BHIPOBHEHBI
10 BPEMEHM 3a CUET Moadopa TeMIepaTypHBIX PEXMMOB U Ha COBPEMEHHBIX JIMHUSIX TUTIA
“Form-Fill-Seal” BbINOAHSIOTCS MAapaJIJIeIbHO 32 MMHUMAJIBHOE BpeMS f,;,. B pe3yibraTe
MWHUMAJIbHBIN IIUKJT TMHUM, B OCHOBHOM, (hOPMUPYETCS M3 ABYX COCTABIISIONIAX

(1)

rae ¢, — BpeMsl IIEpeMELLEHMs JIEHThl C EMKOCTSIMU Ha war S = S;m co ckopoctbio V,; S| —
IUIMHA OMHOM eMKOCTU. BO3MOXKHOCTb YMEHBIIIEHUST BTOPOii COCTABIISTIONIEH IIMKJIa OTPaHM -
YyeHa CBOMCTBaMM JO3MPYEeMOro MPOAyKTa, B YACTHOCTHU, 3(MEKTOM BbIMJIECKMBAHUS MPO-
JlyKTa U3 eMKOCTH Ha 9Tarax pasroHa U TOpMOXKEHUsI JICHTHI.

Jo3upoBaHue TPOayKTa MPU HETMOABUKHBIX COTJIaX MOXET OCYIIECTBIISITHCS TOJIBKO B
MEPUOL, 7,,;,, BBICTOSI JIEHThI € eMKOCTIMU. OTHAKO BPEMSI 7, BBIIAYM JO3bl HUKAK HE CBSI3aHO
C tin», MOCKOJIBKY 3aBUCUT OT 0ObeMa 103bl U CBOMCTB Jo3upyemMoro npoaykra. [Ipu no3upo-
BaHUU XUAKUX MPOAYKTOB (HapuUMep, COEBOIO COyca) CKOPOCTh UCTEUECHUSI MPOAYKTa U3
COIJIa OTPaHUYEeHA BOBHUKHOBEHMEM OpPBI3T MPU yAape CTPYU B JOHBILIKO €MKOCTU, a TIpU
IO3UPOBAHUY TIONYKUAKUX MPOAYKTOB (HarpuMep, Mena, CIMBOYHOTO Macja) MUHUMAJIb-
HOE BpeMs JO3UPOBaHUs OyeT 3aBUCETh OT TEKYUYECTH, BI3KOCTU MPOAYKTA, TPOXOIHBIX Ce-
YEeHUI KaHaJOB [103aTOpa U BBIXOAHBIX comell. B pe3ynbpTaTte Bpems f; JO3MPOBaHUS, KakK
MPABUJIO, CYLLIECTBEHHO OTJIMYAETCS OT BDEMEHMU f,;, BBIITOJTHEHUSI OCHOBHBIX TEXHOJOTMYE-
CKUX oMepaluuii U HUKaK C HUM He comlacoBaHO. J1Jist TOro 4ToObl rapaHTUPOBATh 3aMOJHEe-
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HUE BCEX 1 X m eMKOCTEM, (pOpMyeMbIX 3a ONMH MUHUMAaIbHBIN LIUKJI, B HACTOSIIIEE BpeMs
Ha muHusx FFS “turatar moctaTouyHo GOMBIIYIO IIeHY’: CO3Ial0T W MCITOJIB3YIOT J03aTOp, CO-
JIepXalluii n X m napajieJbHbIX KAHAJIOB U BBIXOAHBIX cortel. Kaxnplii KaHaa BBIAAET O3y
MMPOAYKTa B OHY COOTBETCTBYIOIIYIO EMKOCTh, KOTOPast MMOCTYIUT MO/ HETTOABUKHOE COILIIO
IOCJIe BBIMOJIHEHUS ouepeaHoro mara S. Korma 10361 6Gobliine WK J03UPYEeTCs TPYIHO Te-
Ky4Mii TIpPOIYKT, T.€. KOTAa Orepamus T03UPOBAHUS SIBJISIETCS JIMMUTUPYIOLLIEH, MOCKOJIbKY
BpeMsI BBIIAUU O3Bl ; > I, TPUXOOUTCS YBEIUUMUBATD f,,;, U BpeMs LUKJa 7, 4To 3aHUXKa-

€T IPOU3BOIUTENBHOCTb TUHMM. [Ipu #; < #,;,, 4YTO XapaKTEePHO IJis1 MOPLIMOHHBIX aBTOMA-
TUYECKUX JIMHUI (Macyio, Mem, coychl 1o 10, 15, 20 r), Bech 3TOT 1OCTAaTOYHO CAOXHBIN U 10-
poroii MaccuUB KaHaJlOB J03aTopa IPOCTaMBaeT 3HAYUTEAbHBIA TEpUON BPEMEHU:
(t; + tmin — t4), 4acTo npesbintatonuii 0.57.

OueBUIHO, YTO BpeMsl pabOTHI 103aTopa, A0IMycKaeMoe B MpejeiaXx MUHUMaJIbHOTO 1IUK-

712, MOXHO YBEJIMYUTb, €CTM OPTAHU30BATh MEPEMELLIEHNE CTOJIMKA C COTUIaMuU!, CHHXpPOH-
HOE C IBUKEHHUEM JICHTHI ¢ eMKOCTSIMU. CUHXPOHHOCTh O3HAYaeT NBUKEHHUE C OMUHAKOBOI
CKOPOCTBIO M OMHOBPEMEHHYIO OCTAaHOBKY Tociie oTpaborku 1mara S. [1pu TakoM coBmecT-
HOM JBVDKEHUHU COTUTa OYIyT HAXOOUTHCA HAll COOTBETCTBYIOIIMMU €MKOCTSIMU, M MOXKHO
MPOBOINTH JO3UPOBAHNE HEMOCPEACTBEHHO B MPOIIECCE NBUKECHMUSI.

Jnsa peanu3aiiy CUHXPOHHOTO ABVIXKEHUSI CTOJMK C COTLTAMU MOXHO OCHACTUTh ITHEB-
MoTipuBoJIoM & (puc. 1a), KOTOPHI BKIIOUAETCS IO CUTHAJTY OT (horogaTymka 9 rmpu mpoTsi-
TMBaHWUU 3JIEKTPOIPUBOAOM /0 JIECHTHI C EMKOCTSIMM, 3aXKaToi 3axBaToM /1. PaBeHCTBO CKO-
pOCTeii CTONIMKA U JICHTBI TOCTUTAETCST PETYJIMPOBKOIT APOCCEsl, YCTAHOBJIEHHOTO Ha TTHEB-
MOIIPUBOIE .

BhIUTpBIIT BO BpeMeHU, TOJIYYeHHBIN B pe3yjbTaTe COBMEIIEHMS Ofepallii T103MpoBa-
HUS C TPAHCITOPTHOM OIlepaliyei, Mo3BOIseT B CiIydae OONBIINX A03 WU TPYIHO TEKYIUX
MMPOJYKTOB BHIBECTH JO3UPOBAHME U3 COCTaBa JMMUTHUPYIOIIMX ONepalnii, a Ha MOPIIMOH-
HBIX JIMHUSIX, e J03bl MaJIble, CMEIIEHUE COTIe] OTHOCUTENIBHO JIEHTBI C eMKOCTSIMU ITO3BO-
JISIET OAHUM UM TE€M 3Ke KaHaJIOM J103aTopa 3aIlOJHSTh IBE eMKOCTU, BIBOE YMEHBIIIUB KOJIM-
YeCTBO HEOOXOIMMBIX KAHAJIOB, HO YBEJIMYUB IPU 3TOM MHTEHCUBHOCTD UX UCITOJIb30BaHUSI.

D heKTHBHOCTD COBMEIEHHS TPAHCIIOPTHOM M IO3MPYIONMIEi onmepanuii B HACTOSIICH CTa-
Th€ OMpenessieTcs Wi IByX BApUAHTOB aJITOPUTMa CUHXPOHHOTO JBUXXEHUSI JIEHTHI C eMKO-
CTSIMU U CTOJIMKA C COTIJIAMU.

I. Cmemenune cronvka Ha mar S. MicxomHoe TToJIoXeHWe: coItla PacIojoXKeHbI Hal ITy-
CTBIMHM €MKOCTSIMH.

BxiioueHue 103upoBaHUsI, OBUXKEHUM JIEHTbl M CTOJMKAa MPOBOIMTCS OJHOBPEMEHHO
(puc. 2a, 6). Cxopoctu V, geHTHl U V cTonuka paBHbl. [locie oTpaboTKu 1iara S CTOIMK
OCTaHaBJIMBAETCs, HO JO3UPOBaHUe Mponorkaetcs. [Tocie 3aBepiieHusT 103MPOBaHMS 1 3a-
TIOJTHEHUST EMKOCTEH CTOJIMK BO3BPAILlAeTCsl B UCXOIHOE TTOJIOXKEHNE CO CKOPOCThIO V> V.
lukn oTpaboTaH: corjia HaXOASITCS Hall OYepEeAHBIMU MYCTHIMU €MKOCTSIMU.

II. CmeteHue cronvka Ha mar S/2. MicxonHoe ToJioKeHre: corula pacioioXeHbI Hal 3a-
MOJTHEHHBIMU €MKOCTSIMM.

Bximiouaercs nBuxkenue JeHTHI (puc. 2a+B). [locie cmemenust emkocteit Ha S/2 (1mon
coruia TOMOMAYT MyCThbie €eMKOCTH) OMHOBPEMEHHO BKIIOYAETCS JO3MPOBAaHUE W CHH-
XPOHHOE (cO cKopocThio V) nBuxeHue comnen. OCTaHOBKA JIEHTHl U CTOJMKA IMPOUCXO-
IUT OTHOBpeMeHHO. lociie BBHITTOJHEHUST TTepBOT0O TaKTa JO3WUPOBAHUS — €MKOCTU 3a-
MOJIHEHBI — CTOJIMK INepeMeltaeTcs Ha —S/2 co CKOpocThio V> V, B MCXOIHOE IMOJIOXE-
HUE — COTlIa BCTaJlM HaJ CICAYIOIIE TPYITIION MyCThIX eMKOCTEM — BKITIOYAETCsT BTOPOI
TaKT TO3UPOBAHUS, TT0 3aBEPIICHUN KOTOPOTO — IIUKJI OTpabOTaH: COTIa HaXOASITCS HaJl
3aITOJJTHEHHBIMU €MKOCTSIMHU.

! 3nech npeanojaracTcs, 4YTo Coruia, YCTAHOBJICHHBIE Ha CTOJIMKE, COCAMHEHBI C BBIXOAHBIMU KaHalaMH1 oOo3aTopa
TMOKMMU IIUTAHTaMU.
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Puc. 2. (a) + (6) — mukiorpamMma padboThI TUHUM TTPU CMEIIIEHUH coTtell Ha miar S; (a) + (B) — To e, HO TIpU cMelle-

HUM Ha S/2.

Bri6op cMeleHust coren Ha S/2 He ciydaceH. [1pu 4eTHBIX #1 BCE MHOXECTBO M X 1 €MKO-
cTeii, (hopMUpyeMbIX 3a OAVMH MaIllMHHBIN 1IUKJI, pa3faesieTcs] Ha Ba paBHBIX MMOIMHOXKe-
CTBa, MpUYEM, B IBYX KpalHUX MOJIOXKEHUSIX CTOJIMKA COILIa OyIyT pacroJjiaratbCsl Haf LeH-
TpaMU €MKOCTel KaxXIoro M3 MOIMHOXeCTB. B manbHelIeM 3Ta 0COGEHHOCTH MO3BOJIUT
TMPOU3BOAUTH [IBa TAKTA JO3UPOBAHUS 3a OAWH MAITUHHBINA ITUKIT.

HpI/I BapuaHTC 1 BpEMA tdm JJI BBITIOJTHEHHW A JO3UPOBAaHUA MaKCUMaAJICH

S
tgn =T — v (2)
a iput BapuanTe [ HECKOJIBKO MEHBIIIE
S 1 1
tan =T -S| Ly 1) 3
d > (Vs Vj 3)

HO B BapuaHTe Il yxXe B CTpyKTypy NBUXXKEHUI CTOJIMKA U JIEHTBI BIOKEHO CMEIIEHUE COTIeT
OTHOCHUTEJTBHO €MKOCTEH, YTO MO3BOJISIET TIPU IBYX TaKTaxX TO3UPOBAHUS 3a ONWH LIMKIT 3a-
TMOJHATH M3 KaxKI0ro coruia 1mo ase eMkKoctu. Mcnonb3yst (1), BeipaxkeHus (2) u (3) MOXHO
MPUBECTU K BULY

1 1
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g€ BTOPOEC cj1aracMo€ siBHO BbIpaka€T NNpUpalicHUEC BpEMEHU JO3UPOBaAHUA, ITOJTYYEHHOC B
peE3yJIbTaTeC COBMCIICHUSA ABUKEHUI COTENT U JIEHTbI C EMKOCTSIMU.

3HayeHue 14 OTIPCICIISICT MAKCUMAJIBHOC BPEMsi, KOTOPOE 3a CYCT COBMEILCHMUS Oonepa-
LU MOXXHO BBIICIUTDH M3 MUHAMAJILHOTO MAaIIMHHOTO MUKJIa 1 IJIs1 BBIITOJTHESHUS onepanurun

no3upoBaHus. Eciu 3T0 Bpemst OyaeT KpaTHO BpDEMEHU f; U3NMBA N03bI, T.€. €CU t,, = kt;,
e kK — YMCIIo TaKTOB TO3UPOBAHMsI, HEOOXOAMMBIX TSI 3aTIOJTHEHUST BCEX 1 X M €MKOCTEM,
TO MPOCTOU JO3UPYIOLIEH CUCTEMBI OYAYyT MUHUMAJIbHBI, a TUHUS OYIET UMETh MaKCUMaJlb-
HYIO IPOU3BOAUTEIBHOCTb. DTO O3HAYAET, YTO MPU JTIOOOM KOHKPETHOM 3HAYEHUH 1, 3aBU-
CSIIIEM OT CBOMCTB JI03UPYEMOTO TIPOIYKTa, IJIs1 KaXKI0Tro U3 pacCMaTpUBaEMbIX BApUAHTOB
OpraHM3allMi CUHXPOHHOTO JABWKEHUS CYIIECTBYET ONTUMAIbHAS PANHOCTD My, JIMHUM,
pY KOTOPO# JOCTUTAeTCs MaKCUMallbHasi UHTEHCUBHOCTb PA0OTHI 1O3UPYIOIIE CUCTEMBI.

Bo03M0KHOCTH MHOTOKAHAJILHBIX 103aTOPOB 10 ObicTpoaeiicTBUIO. Eciiv Bpems ¢,,;,, onpene-
JISIETCSl TOJIKO CBOMCTBAaMM KOPIYCHOTO W MTOKPOBHOTO MaTepuasioB, COCTABISIONIUX YIla-
KOBKY, Y TEXHOJIOTHMEN nX 00pabOTKU 115 MOJy4YeHUsI TePMETUYHONM €EMKOCTHU, TO 3HaUYeHUE
t; 3aBUCUT TOJIBKO OT BO3MOXHOCTe 103aTopa, TOUHEE, OT TOr0, HACKOJIBKO OBICTPO OH MO-
KeT BblIaTh Tpebyemyto o3y npoaykra. Haubosee ObICTpOAEHCTBYIOIIMMU SIBASIOTCS 103a-
topbl “Direct filling” [1], KoTopble He coaepKaT MPUBOAHBIX LIUJIUHIPOB U PaboOTaIOT OT
NIaBJIEHUSI JO3UPYEMOTO MPOAYKTa B HATOPHOM IMPOAYKTOIpoBozAe. B oTnuue ot Tpanguim-
OHHBIX 103aTOPOB [2, 3], rIe B 3aBUCUMOCTU OT IOJIOKEHHUS 3-XOIOBOTO KpaHa Tocjie1oBa-
TEJIbHO BBITIOJHSIOTCS 3Tarbl Habopa J03bl U3 MPOMEXYTOUHOTO 0aka 1 €€ BbIIauyu B BBIXOI-
Hoe coruto, no3atopsl “Direct filling” MOTyT BblZaBaTh 103bl HPAKTUYECKU HEIPEPHIBHO 03
3aJCPKKHU Ha Ha6op J0O3bI, ITOCKOJIbKY B HUX Ka)K,ZLblﬁ 9Tall BblAa4yu JO3bl BCECraa COInpoBOXK-
naeTcst HAbopoM U huKcalueid 103bl IS CASAYIONIETO IUKJIIa 103UPOBaHMSI.

B mopanonnsix FFS-nrHMsIX Hanboiee 4acTo UCIIONb3YIOTCS JIMHEeITHBIE MOLYJIBHBIC IO~
3aTOpbl, 00bENMHEHHBIE B TTAKET OOIIMM MPOIYKTONIPOBOAOM U OOIIEH CUCTEMOM yrpaBiie-
Hus. B pe3ynbraTe Takoii makeT u3 N MoayJieii mpeacTapisieT co0oit HacaaKy Ha HallOpHbIH
MMPOIYKTOIIPOBO/, MPeoOpa3yIollyl0 OIWMH HEIPEePbIBHBINA ITOTOK XUIAKOCTHA B IOCJIEeI0BA-
TEeJIbHOCTh (GPMKCUPOBAHHBIX 103, paclpeneJeHHbIX 1o N uiu 2N KaHajaM.

N xaHanoB o6pa3yeTcsi B TOM ciydyae, eclii nmakeT cdpopMupoBaH U3 N OJHOTAKTHBIX
monyieii. Kaxneiii Takoii Mmonyib (puc. 3a) uMeeT BXOAHOU KaHall I, COGMMHEHHBIN C
HaIoOPHBIM NPOAYKTOIIPOBOAOM 2, U BBIXOAHOW KaHaj 3, MO KOTOPOMY MPOAYKT MOCTY-
naeT K cory 4. BxomHoii kaHan / MOXHO MEPeKPhITh YIIPaBIsIEeMbIMU ITHEBMOKJIaTaHAMM 5
M 6, a BBIXOMHOI KaHai 3 — kianmaHamMu 7 u 8 KaHaybl coenmHeHbl MeXIy co00il MepHOit
TusIb30i1 9, B KoTopoit mexy yropamu 10w 11 (oquH U3 HUX SIBISIETCS MUKPOMETPUYECKUM
BUHTOM JJIS1 PETYJIUPOBAHUS JO3bI) pa3MellleH TilaBalluii ropiieHs /2. B ucxonHom co-
CTOSIHUM BCE KJIallaHbl 5, 6, 7, & 3aKPHITHI, a MOpIIeHb /2 HAXOAUTCSI Ha OMHOM U3 YIIOPOB,
Hanpumep, Ha ynope /0. [Ipu oTKpbITUM KJIallaHOB S5 U 7 mOplleHb /2 o faBJIeHrueM Mpo-
JIyKTa TepeMecTUTCs A0 yropa /1, BbIIaBUB COOTBETCTBYIOILYIO 103y MPOAYKTa B BBIXOIHOM
KaHaj 3 1 coruio 4. 3aKpbIB KJ1aniaHbl 5, 7 U OTKPBIB 6, &, MOJIyYUM oOpaTHOE (pUKCHUPOBaH-
HOe TepeMelleHre MOpIIHS /2 1 COOTBETCTBYIOILYIO 103y Ha Bbixone 4 MoayJisi. Takum 06-
pa3oMm, 3a CUeT YepeJOBaHUs 3aKPBITUS U OTKPBITUSI KJIaMIaHOB Ha Pa3IMYHbIX TMATrOHAJISIX
YCTPOICTBA Ha OJHOM €T0 BBIXOJIHOM KaHaJie (hpopMUpyeTcs MOC/Ie0BaTETbHOCTh (PUKCUPO-
BaHHbIX 103. [1pu 5TOM 1151 BbIIAYM OAHOM NO3bI U 3aIOJIHEHUSI OMHON eMKOCTHU JJOCTATOUYHO
OIHOTO TaKTa JO3UPOBAHUS HE3aBUCUMO OT TOTO, Ha KAKOM yIOpe HaXOAUTCS MOpIileHb /2.
YciaoBHOe 0603HAUEHHWE OMHOTAKTHOTO MOIYJISI, UCITOJIb3yeMOoe Ha TTOCJICIYIOIINX PUCYH-
Kax, TIpUBeIcHO Ha puc. 3a cripasa.

2 N KaHaJIOB TIOJTyYUM, €CJIM MakeT chopMUpyeM U3 IBYXTaKTHBIX MoayJieit. B oTinuue ot
OMHOTAKTHOTO TaKoi Momyab (puc. 30) MMeeT IBa BBIXOMHBIX KaHala 3a U 30 U COOTBET-
CTBEHHO [Ba coruia 4a u 46. B pe3ynbTaTe Npu MocienoBaTeIbHOM 3aKPBITUU U OTKPBITUM
KJIallaHOB Ha pa3JIMYHbBIX TUArOHAJISIX MOAYJISI 1O3bl OYyAyT BHIIABATHCSI B KAXKIIbIi KaHa MO-
oYepenHo, U Ha BBIXOJIe KaXJI0ro KaHaja OyneT (opMUpOBaThCs MOCIEA0BATEIbHOCTD 103,
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Puc. 3. CxeMbl OMTHOTAKTHOTO (a) 1 ABYXTaKTHOTO (6) MomyJieii no3aropa Direct Filling.

OTIEJIEHHBIX APYT OT APYyra OMHUM “TIYCTBIM” TaKTOM JO3UPOBaHUsS. DTO O3HAYAET, YTO IS
3aII0JIHEHMSI OMHOM €eMKOCTH 10 JIIOOOMY M3 IBYX KaHAJIOB MOIYJISI B OOIIEM CIydae HeoO0X0-
IMMO 3aTpaTUTh BPEMsI, paBHOE JIByM TaKTaM JO3MPOBaHUsI. YCIOBHOE 0003HAYCHUE IBYX-
TaKTHOTO MOJIYJISl TTOKa3aHo Ha puc. 30 cripaBa. B onuH nakeT MoryT coouparbcst Kak OlHO-,
TaK U IBYXTaKTHBIE MOIYJIH.

Kak BugHO 13 IIpEACTAaBJICHHbBIX CXEM, OJHO- 1M ABYXTAKTHLIC MOIAYJIU IMMOYTU OANMHAKOBbI
1 MaJIo YEM OTJIMYAIOTCA IO TPYAOEMKOCTU CBOECTO M3TOTOBJICHUSA. HOSTOMY IIpHU CO3JaHUMN
MHOTOKaHaJIbBHbIX CUCTEM NO3UPOBAHUA IS FFS-aBTomaroB BCETIa IMOABJIACTCA KEJIaHUE
YIOPOCTUTH U YACHICBUTL CUCTEMY 3a CUECT YMCHBIICHUA YMCJIa N Moz[yneﬁ B ITaKETC ITYTEM
3aMC€HDbI IBYX OOJHOTAKTHBIX Moz[yneﬁ OIHUM JIBYXTAaKTHBIM. OnmHako Takast 3aMeHa He SIBIISI-
€TCS DKBUBAJICHTHOM: IS 3alOJHEHUS ABYX €MKOCTEMN JABYMsA OOJHOTAKTHBIMU MOIYJISAMU
JOCTaTOYHO OJHOI0O TakTa HJO3MPOBAaHUSA (MOZ[y)TI/I pa60Ta10T napanneano), a NMpu HUCITOJIb-
30BaHUU ABYXTaKTHOI'O MOAYJIA 3aIlTOJTHCHUE TEX K€ €MKOCTEN IIPOUCXOIUT MOCTICAOBATCIIb-
HO, 4TO Tpe6yeT JABYX TaKTOB JO3MPOBAaHUSI. HOSTOMY 3aM€HY MOHO ITPpOBOAUTDL, €CJIIN 3TO

JOIyCKAaeT MAalUMHHBIA LUK, T.€. €CIIU t; < 14, /2.
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Puc. 4. CxemblI coruta ofHapHOTO (a) ¥ ABOITHOTO (0) UCTeYeHNs.

CyuiecTBeHHOE BJIMSIHAE HA OBICTPO/IEiiCTBHE BbIIAYM J03bI OKA3bIBAET KOHCTPYKIMSA BbIXOI-
Horo comna. s nmosupyromeit cuctembl “Direct filling” pa3paboTaHbl coruia OTUHAPHOTO
(puc. 4a) n nBoitHOrO (pUC. 40) UCTEUECHMSI, UCIIOJIb3yeMbIC IJIST JO3UPOBAHMS XUIKUX IIPO-
TIYKTOB (COEBOTO cOyca, paCTUTEILHOTO Maciia 1 T.1.). Corura ocHallleHbl ITHEBMOYITpaBJIsie-
MBIM KJIaTTaHOM [, TIepeKphIBAIOIINM KaHaJ TTocye 3aBeplieHnsT 1o3upoBaHus. Takoi Kia-
MaH MpU “CXJIONbIBAaHUN " cOpachIBaeT IMOCIETHIOI Karlllo MPOAyKTa B eMKOCTb 1 UCKJII0Ya-
€T BOBMO>XKHOCTb BO3BHMKHOBCHUS KaIll€Jun 1pu 6blCTpOM NEpeMECIICHUUN CTOJIMKA.

OcHoBHa# 3amavya, BOZHUKAOIIAs TTPU MPOSKTUPOBAHUM OMMHAPHOTO coruta (puc. 4a) —

3T0 o0ecneyeHrne MaKCUMMAJIBHOIO pacxola IJIsl NTOCTUXXKEHUSI MUMHUMAJIBHOTO BPEMEHMU #,
BBIIAYM MTO3BI. 37eCh OTpaHMYMBAIOIINM (DAaKTOPOM SIBIISIETCSI CKOPOCTh McTeueHus. [Ipu
OOJIBIIION CKOPOCTHU MCTEUSHMSI HAaOJIIogaeTCsl pa30ophI3aruBaHMe IIPOIYKTa IIPU yaape CTPYU O
JIOHBIIIKO €MKOCTH. [{J11 ycTpaHeHUsI TaKoro fedekTa B BHIXOMHOI KaHall 103aTopa OObBIYHO
BCTPauBaIOT PEryJIMpPyeMblil TIPOMYKTOBBIN IpOCceib, a CeYeHUE BBIXOMHOIN Hacaaku 2 Ha
COIUIO JIeJIal0T MAaKCMMAaJIbHO BO3MOXHBIM, YTO OTPAHUYEHO CUJION TTOBEPXHOCTHOTO HATSI-
JKEeHUsI, yaepKUBaIOIIel 3arepThlil KiIarnaHoM / CToJIG J0o3UpyeMoit SKUIKOCTU. ITOCKONIBbKY
5Ta CUJIa, KaK MpaBujIo, HEU3BECTHA, COTUIO OCHAIIAIOT HAacaaKaMM Pa3IUIHOTO JUaMeTpa
6—12 MM, BBIOOD M3 KOTOPBIX OCYIIECTBIISIIOT Ha OCHOBE 3KCIIEPUMEHTATbHBIX PE3Y/ITATOB
pu IpoOHBIX (pacoBKax KOHKPETHOIO MPOIYKTa.

3amava IOCTMKEHUSI MUHMMAaJIBHOTO BPEMEHU f; M3TIMBA N03bl [ KapAMHAJIBHO peLIaeTcst
MPY UCITOJIb30BAHUM COTLJIa ABOMHOTO UcTeueHus (puc. 40). 3mech B OMHOM COTLJIE OpraHu-
30BaHO IBa KaHaJla v MPU MTOCTYIJICHUH 103kl D OT mo3aTopa OHA pa3aeTUTCS Ha IBE YaCTH O
u B. Eciiu mpoxomgHbie cedeHrst 060MX KaHAJIOB OMMHAKOBBI M PABHBI IPOXOIHOMY CEYEHUIO
OJVMHApHOro COIlIa, TO MPU PABHOI CKOPOCTM MCTEYEHMsI BpeMs f; WU3JIMBa AO3bl yepe3
COILJIO ABOMTHOTO MCTEUYEHUSI YMEHBIIUTCS B 2 pa3a. OmHaKO IIPU 3TOM HEOOXOIMMO YUUTHI-
BaTh IBa BaXKHBIX 00cTosiTeNIbeTBA: 1. [1osyyeHre moHoM 10361 D B OMHOI €MKOCTHU TpeOdyeT
JIBYX TaKTOB no3upoBaHus; 2. [ockoibky D = o + 3, HO o # B, B crly pa3in4HOro COmpo-
TUBJICHUSI UCTEUCHUIO B 3TUX JIBYX KaHaJaxX, CJeAyeT OPraHU30BbIBaTh CMEIIICHUE eMKOCTEM
OTHOCHTENTBHO BBIXOIHBIX HACAMOK COILIA TaK, YTOGBI OOBEMBI OL U 3, COCTABIISIIOIINE T03Y
D, Tonananu B OMHY €MKOCTb.

PazHooOpasue snmemeHTOB cuctembl “Direct filling” 1mo3Bossier co3maBaThb pa3IMYHbIC
MHOTOKaHaJIbHbIE cxeMbl A03upoBanus 1isg FFS-apromaroB, oTinuamliimecss Kak COCTaBOM U
KOJIMYECTBOM HEOOXOMWMBIX MOIYJICH, TaK U BpeMeHeM (KOJTMYECTBOM TAKTOB) BBITIOJHE-
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HUS oIepalluy TO3UPOBaHUS 3a OAMH MUHUMAaJIbHBIN pabounii nukii. B Tads. 1 mpuBeneHbl
BO3MOXHBIE€ CXeMBbI IO3UPOBAHUSI [IJIs1 IBYXPSITHOM (7 = 2, JIEBBII PSI CXEM) M YEeThIPEeXPSi/-
HOW (m = 4, mpaBbIil psia) aBTOMaTndecKoi tnHnn. Kaxmas cxeMa MILTIOCTpUPYET MPOIIece
3aII0JIHCHUSI M eMKOCTE, pacIIOIOXKEHHBIX B OMHOM Pydbe I10 psimaM MHOTOPSITHOM JTMHUN
1 00pa3yroIIMM miar S MPOTSKKM JICHTHI 32 onuH UMK, [Ipenmonaraercs, 4To mist ocTaab-
HBIX PyYbeB JIMHUM CXeMa He U3MeHsieTcs. B nByx BepXHUX cTpokax TabJi. 1 ImoKa3aHbl cxe-
MbI JO3UPOBaHUsI, B KOTOPBIX OCYIIECTBJISIETCSI CHHXPOHHOE CMEIeHWE CTOJIMKA C COTUIaMHU
Ha mar S B COOTBETCTBUUM C BapuaHTOM I. DTUM cxemMaM COOTBETCTBYET LIMKJOTpaMMa
paboThl TUHWM, TIpeACcTaBIeHHAasT Ha puc. 2a+06. B Tpex HMXKHUX cTpOKax MpencTaBIeHbI
CXeMBI CO CMEIIleHNeM CTOoJIMKa Ha S/2 mo BapuaHTY Il — M cOOTBEeTCTBYeT HUKIIOTPaM-
Ma Ha puc. 2a+B. B kaxmoit sueiike Taba. 1 o1 IIpencTaBIeHHONM B HEM CXeMBbI YKa3aHBI:
KOJIMYECTBO K TAKTOB JO3MPOBaHUSI, KOTOPOE HEOOXOANMO BHIITOJIHUTH 32 OOUH MaIllMHHbBIA
LIUKJI; o0lee yrcyio K KaHaJIoOB 103aTOpa, paBHOE YMCITY OMWUHAPHBIX COTIEN JIsT 3aT0JIHEHUST
n X m eMKOCTeii; KonnuecTBo M 3aneiiCTBOBAaHHBIX B CXeMe MOJyJIeit, PU 3TOM He JeaeTCsl
pa3nuusi MeXIy OOQHO- M IBYXTAKTHBIMU MOZYJISIMU, IIOCKOJIBKY UX TabapuThl U TPYIOEM-
KOCTb M3TOTOBJICHUS IIPUMEPHO ONMHAKOBBI, 4 IPU MPOSKTUPOBAHUY JTMHUN BaKHBI raba-
PUTHI ITaKeTa MOIYJIei 1 ero ob1ast crouMocTb. Ilpu pacyere uncineHHbIX 3HaueHU M u K
IpearnojaraeTcs, YTo JMHUS 4-pydbeBas, T.e. n = 4.

CxeMBI B BepXHel CTpoKe TabJI. 1 Mo KOJIMYeCTBY MCIOIb3yeMbIX KAHAJIOB ITOJTHOCTBIO CO-
OTBETCTBYIOT TPAIUILIMOHHOMY IMOCTPOEHUIO no3upyoimux cucteM mis FFS-nunumit. B Hux
3aIl0JIHEHUME BCEX /1 X m eMKOCTei IIPOBOAUTCS 32 OOUH TaKT. [loaToMy yBeInueHHOE BpeMsi
tyn = tg, HOJYy4eHHOE 10 (4) 3a CYET COBMeEILIEHUS ONepaLyii, MO3BOJISIET HA CYLIECTBYIOIIMX
JIMHUSIX PACIIMPUTh AUAIla30H N03UPYyEMbIX 00OBEMOB MPU COXPaHEHUU MUHUMAJIBHOIO Ma-
HMHHOro uukna. Ecmum t; = t,, /2, To IpU UCNIOJIb30BAaHUM IBYXTaKTHBIX MOJYJIE CUCTEMBI
“Direct filling” (k = 2 — Bropas cTpoka TabJi. 1), KpoMe pacllIMpeHusl nuarna3oHa a03, 10-
cTuraeTcs IByXKpaTHOe yMEHbIIIeHUe ynciaa M Monysieil B IakeTe.

ITpu CMHXPOHHOM JABMKEHUM COTMes Ha JIIMHE S/2 nepeMelleHust JeHThI (CXeMBbI B Tpe-
Thel CTPOKE TaOIMLIBI) YMCIIO TAKTOB kK = 2, a yBeJIMUEHHOE BpeMsl £, = 2f;, TOJTy4EeHHOE 10
(5) B pe3ysbTaTe COBMEIIIECHHUS ONepaliiii, MO3BOJISIET B IBa pa3a YMEHbBIIUTh YMCJIO HEOOXO-
IUMBIX KaHaJIoB K 1 MmoxayJieit M. Ilepexon ¢ OMHOTAaKTHBIX MOAYJIei Ha NBYXTaKTHbIE (UeT-
BepTasl CTpoKa Tab1. 1) yBeTMIMBAET YMCIIO HEOOXOIUMBIX TAKTOB 10 kK = 4 1, €CJIN JOIyCTH-
MO YCJIOBME t; = 14, /4, TO YACIIO MOIYJIEH B MaKeTe yMEHBIIAETCS B YeThIpe pa3a. Ecnu xe
ty > ty,/2 M9 OBYXPSIOHOM JIMHUU WU t; > 14, /4 U1 YETBIPEXPSIAHOM, TO MOXHO cOXpa-
HUTb BCE 3TU MPEUMYIIECTBa, CYLIECTBEHHO YMEHBIINB BpeMs f; U3JIMBa 03Bl 3a CUET pac-
napajuleJiMBaHusl OoIlepalldy OO3UPOBaHUs IIyTeM 3aMeHbl OOMHAPHBLIX COIleJl Ha coIula
IIBOMHOIO UCTeYEeHUsI (CXEMbI B HIDKHEI cTpoke TabJ1. 1).

W3 npuBeneHHOro OnMcaHus IIOHSITHO, YTO CXeMBI, ITOKa3aHHbIC B BEpXHEil YacTu TaOJIM -
1IbI, 11eJIECO00pa3HO MPUMEHSTH IIpu 0obIIuX no3ax D > 50 mi. [lpu aHanu3e cxeMm, pacro-
JIO)KEHHBIX HUXKE, BUTHO, UTO PACTET YMCJIO kK TAKTOB TO3UPOBAHUSI, HEOOXOAUMOE LISl 3a-
TIOJTHEHMUS 11 * M EMKOCTEM, YTO OrpaHUYMBaeT JOMYCTUMOE BpeMsl 1, u3nuBa 103bl. [ToaToMy
CXEMBI, TIpEICTaBJICHHbIE B HYDKHEM YacTH TaOJMIIbI, 1IeJIecO00pa3HO MCIOIb30BaTh B MOP-
rmoHHbIX TIUHUAX FFS, KoTophie, B OCHOBHOM, MPOU3BOIST NPOAYKIIMIO C MaJIOi TO3UPOB-
koii mo 10—40 miyi. UMeHHO Ha TTOPLIMOHHBIX JTUHUSIX JOCTUTAETCS MaKCUMAJIbHBIN 3P deKT
OT BBEJICHUSI CMUHXPOHHOTO CMEIIEHUSI coTtes Ha S/2: yBeInueHUe MPOU3BOIUTEILHOCTH JIU -
HUU IIPU OMHOBPEMEHHOM yMEHbIIeHNU ynciia K HeoOXoauMBIX KaHAJIOB g1o3aTopa. TeM He
MEHee HeT SICHOCTH B TOM, KaKylOo CXeMy IO3MPOBAHUS CJIEAyeT peaJn30BbIBaTh Ha aBTOMa-
TUYECKOI IMHNM, KOT/Ia 3adaHa KOHKpeTHasl 103a KOHKPETHOTO IIPOAyKTa.

MeTtonnka BbI00Opa CXeMbI JO3MPOBAHMS W ONpEeeHUs ONTAMAILHOM PAXHOCTH /71, ABTO-

MATHYECKOH JIMHMM JIEMOHCTPUPYETCSI Ha KOHKPETHOM IpUMepe aganTallud JMHUM MOJI.
AJIB165 mpousBoacTBa pupMbl “Pekynep” [4] mist U3TOTOBICHMS MTOPLIIMOHHBIX YITAKOBOK
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Tab6auuna 2
JonyckaeMoe BpeM4 [7;] 103upoBaHUs
M IMpousBonu-
WHUMaJIbHOE
Ywucio psiaoB m TEJIbHOCTh JIMHUM st BapuaHTa | st BapuanTa I1
Bpems uukia 7T, ¢ P, mi./u
' k=1 | k=2 | k=4 | k=2 | k=4
1 2.7 5330 2.35 1.175 0.5875 - -
2 34 8470 2.70 1.350 | 0.675 1.175 | 0.5875
4 4.8 12000 3.40 1.70 0.850 | 1.350 | 0.6750
6 6.2 13935 4.10 2.05 1.025 1.525 | 0.7625
8 7.6 15155 4.80 2.40 1.20 1.70 0.850

COEBOro coyca. 3aKa3uMKOM JIMHUU 33JJaHbl 00beM J03bI TPOAYKTa B yriakoBke D = 40 M u
ee pasmepsl: mHA S| = 70 MM 1 mpuHa H = 60 MM. 1o OMBITY U 3KCTIEpPUMEHTATBHBIM
TAaHHBIM, HAaKOIUIEHHBIM (pupmoii “Pekyriep” mpu paboTe ¢ COeBBIM COyCOM, N3BECTHHI ClIe-
JyIollle TapaMeTpsl, 3aBUCSILINME OT CBOMCTB fo3upyemoro npoaykra: V; = 100 mm/c — Mak-
CUMaJIbHAasl CKOPOCTb JIECHTHI C EMKOCTSIMU, ITPU KOTOPOii OTCYTCTBYET BHITLIECKMBAHUE MTPO-
JIyKTa U3 eMKOCTHU Ha 3Tarax pasroHa u topmoxeHus; Q = 30 MJi/c — MakcUMaJibHasi CKO-
POCTb CITOKOMHOIO (6e3 pa30ophI3ruBaHusi) KCTEYCHUsI coyca U3 coruia @ 8 MM. DTUX JTaHHBIX
JIOCTAaTOYHO JIJIs1 OTIPEIeJICHUS: Ynicia pyubeB IuHUM n = 240/ H = 4, tne 240 — mMpuHa JeH-
TBI, TIpUMeHsIeMol B TuHUsIX AJIB165 miss ¢GopMOBKM €MKOCTE; BpeMEHHN BBITAYM TO3bI
t;, = D/Q = 1.33 ¢; npy UCIONB30BAaHUU COMEJ JBOMHOIO UCTEUYEHUS f; YMEHBLIAETCS 1O
0.66 c. g cepuitnoit auHnu AJIB165 n3BeCTHO MUHMMAJIBHOE BPEMS BBIIIOJTHEHUS TEXHO-

JIOTUYECKUX oNepaluii 7,,;, = 2.0 c.

Bp160Op cXeMBbl 1O3UPOBAHUS U ONpEneeHusT m,,, O0asupyeTcsl Ha CpaBHEHUM BpEeMEHU

opt
BBIJIAYN JO3bI f; CO BpEMEHEM I03UPOBAaHUA [7;], KOTOPOE NOMYCKAETCA MUMHUMAJILHBIM Ma-
LIMHHBIM LIUKJIOM MPU Pa3IUYHON PSITHOCTU M U BOZMOXHBIX KOJMYECTBAX k TAKTOB JO3U-
poBaHus. B Tabn. 2 nyst MpUBEAEHHBIX BBIIIE JAHHBIX MMOKa3aHbl PE3yAbTaTbl pacyeToB 7'
no ¢opmyie (1), COOTBETCTBYIOIIME UM 3HAYEHUSI MPOEKTHON MPON3BOAUTEIBHOCTH TUHUU
P= 3600 x n x m/T v nomyckaemble BpeMeHa NAO3UPOBaHUs [t;] = 1, /k, BBIYMCICHHBIE

no (4) nias BapuaHTa [ u no (5) s Bapuanra Il opraHuzanyu cuHXpoHHOTO ABukKeHus. [Tpu
3TOM GBUIO MPUHSITO, YTO CKOPOCTh BO3BPATHOTO ABMXEHUSI CTOJIMKA C coriamu V=2V,

[Tpu cUHXpOHHOM cMellleHuHr cornel (Tabj. 2) Ha war S (BapuanT I) onTumanbHOI st
MPOM3BOJICTBA YIIAKOBOK COEBOTO coyca 1o 40 M1 siBjisieTcsl ABYXpsiAHAS JIMHUS (mOpt = 2) C
NBYMSI TAKTaMU 103UPOBaHUs (kK = 2). DTUM napaMeTpaM COOTBETCTBYET cCXeMa, MOKa3aHHas
B Tabj1. 1 BO BTOPOIi CTpOKe ciieBa. 3/1eCh MO/ ONITUMAaJIbHOCTBIO TIOHUMAETCSl MaKCHUMaslbHast
3arpykeHHocTb nosaropa ([#;] = 1.35 = t; = 1.33) npy MUHMMaJIbHOM MalIMHHOM IIMKJIE
T= 3.4 c, yto obecneuynBaeT NMpousBoaUTeNbHOCTL P = 8470 yr1./4. JIuHUS MOMKHA OBITH
OCHallleHa MaKeToM U3 n X m/2 = 4 ABYXTaKTHBIX MOIYJIEH.

Ipu Bapuante II (cmelueHune cromvka Ha S/2) ontuManbHoii ([1,] = 1) siBasieTcst 4-psinHast
JIMHUS ¢ kK = 2, cxeMa J03UMPOBaHUS IJISI KOTOPOW MpencTaBieHa B Tabda. 1 B TpeThbeit
CTpOKe cIipaBa. JIMHUS MMeeT MUHUMaNbHBIM 1uka 7 = 4.8 ¢, MpOM3BOIUTEIbHOCTD
P = 12000 yn./4 u no3arop, coCTOSIIMI U3 n X m/2 = 8§ OMHOTAaKTHBIX MoayJeit. [1pu He-
00XOMMMOCTH YMEHBIIUTD MaKeT MOXHO BOCIIOJIb30BaThCsl COMJIAMU JBOMHOIO UCTEUEHUSI.
Torna nnst paccMarpuBaeMoil 3agaum BpeMs f; ctaHeT paBHbIM 0.66 ¢, U1 KOTOPOTo, Kak

ciemyeT U3 Taoi. 2, Mopy = 4 TIpU k = 4. Kak cienyeT U3 cxeMbl Ta0y. 1 (HIDKHSS CTpOKa
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crpaBa), yIOBJIETBOPSIOLICH 3TUM YCIOBUSIM, ISl 0OOeCIeYeHUs MPOMU3BOAUTEIbHOCTH JIU -
HuM B 12000 y11./9 1OCTaTOYHO NakeTa u3 n X m/4 = 4 IByXTaKTHBIX MOMIYJICHA.

HaiineHHas ontuManbHas cxeMa JIMHUU C My, = 4 U k = 2, UMeEIoLIast IPOU3BOIUTENb-
HocTb P = 12000 ym./4, 110 KOJIMYECTBY U HOMEHKJIATYpe UCIOJIb3YEMbIX 3JIEMEHTOB 103aTO-
pa TTOJTHOCTBIO COBMANAET ¢ TPaAUIIMOHHOI cxemoii moctpoeHust FFS-nuHuii (cpaBHUTE CO
CXeMOI1 B BepXHe cTpoke Tabi. 1, ciaeBa: m = 2, k = 1). B 060oux ciygasx HeOOXOIUM ITaKeT
13 8-MM OMHOTAKTHBIX MoayJieit. OmHaKo st TpaaguiinoHHO cxeMbl P = 8470 ym./4. Takoe
CYILIIECTBEHHOE YBEJIMUeHNE IMPOU3BONUTEIBHOCTH JIMHUY Ha 42% mipu paBHOM MHCTPYMEH-
TaJlbHOM O0ecIieYeHUU 00YyCIOBIEHO TOJIBKO MOBBIINIEHHOW MHTEHCUBHOCTBIO MCTIOJIb30Ba-
HUSI TO3UPYIOIIEH CUCTEMBI.
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